Strains of Group A streptococci produced an extracellular carbohydrase which degraded starch. The enzyme in crude undialysed culture filtrates bore a general resemblance to pancreatic diastase. Amylolytic activity was decreased in environmental conditions which also affected streptococcal proteinase, namely in cultures grown at 2 8 O , in filtered broth, or after aerial mouse passage. Amylase production was associated with hyalmnidase production in strains having the type-specific M antigen 4, or the non-specific T antigen 4, whereas pmkinase-positive strains of the same p u p of closely related specific Types 4, %, 26, 28, 29, 46 were ususlly amylase-negative; but the association between production of any two of the three enzymes was not complete. Hyaluronidase-positive Type 22 strains did not produce amylase, and with two exceptions, a Type 2 strain and a strain serologically unidentified, other representative serological types were amylase-negative, though some strains degraded starch in growing cultures. Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Sat, 08 Dec 2018 05:52:54 Streptococcal amylme 157 agglutination and classified at that time as Type 22, or Type 4 (some showing cross-agglutination with Type 24 serum). These results were conhned with type-agglutinating sera prepared in the Streptococcal Reference Laboratory. Representative Group A strains, serologicslly identified by precipitation of the type specific M antigen, were supplied by Dr V. D. Allison, Streptococcal Reference Laboratory, Colindale. Recently-isolated starch-positive strains were received from the same source. A proteinase-positive strain ' K48 ', used as a control, was supplied by Dr S. D. Elliott, and a hyaluronidase-positive strain, now known as 'McA4 ', derived from the original Griffith Type 4 strain deposited in the National Collection of Type Cultures, was supplied by Dr Douglas McClean in 1941. Cdurm. Glucose beef infusion broth was made by the method of Todd & Hewitt
The use of starch in fermentation studies of streptococci was suggested by Andrewes (1980) and by Sherrnan (1937), and used by Keogh & Simmons (1940), who compared endemic Australian strains with Griffith types, and found that stasch was fermented by strains serologically classified as Types 1, 2, 4, 9, 10 and 28. Maxted (personal communication) , using starch plates, found that ability to split starch, though commonly shown by Type 4 strains, was infrequent in other endemic British strains examined at the Streptococcal Reference Laboratory. While studying strains isolated during a survey of hyaluronidase production Crowley (1944) observed that ability to split starch was displayed by Type 4 strains (T antigen, non-specific) with the greatest hyaluronidase activity. Both polysaccharidase activities were absent, however, in Type 4 strains which were strongly proteinase positive. In this connexion Dr S. D. Elliott (personal communication) observed that proteinase added to cultures suppressed hyaluronidase activity, and suggested that intermittent proteinase production might explain variable behaviour by hyaluronidasepositive strains. The experiments described in this paper were made to establish the incidence of amylolytic activity in relation to the antigenic components, to investigate the coincidence of different polysaccharidases elaborated by the same strains and to study the effect of proteinase on the carbohydrase activity of the strains, with reference to the occasional anomalous behaviour of streptococcal hyaluronidase which has been reported.
MATERIAL AND METHODS
Source of the strains. Hyaluronidase-producing strains were isolated during 1941-8 in a survey of hyaluronidase activity in endemic group A streptococci and subsequently preserved in the dried state. The Types were identified by slide incubation a colour reading was recorded using 1 yo Lugol's iodine, added drop by drop from a pipette until the colour was maintained in incompletely hydrolysed mixtures. This method necessitated the use of four tubes for each dilution and was-sometimes modified when the relative activities of strains became apparent. To minimize the personal error involved in reading a rapidly changing range of colours only grosser differences were recorded by the following scheme : + + + +, colourless supernatant, slight flocculant deposit, colourless after standing; + + +, colourless supernatant, flocculant deposit, red remaining in deposit ; + + , mauve to pink supernatant, purple flocculant deposit; + , colourless supernatant, blue flocculant deposit; f , coloured supernatant, blue flocculant deposit; a + or at 2, 41 or 6 hr. that remained unchanged after further incubation was designated fl-urnyke type activity, but further progress to the erythro-dextrins, achroo-dextrins and final disappearance of coarse floccules was designated a-amylluse type activity and could usually be distinguished in low dilutions after 4 hr. Concentrated filtrates hydrolysed starch very rapidly and it was necessary to take readings at 10 min. intervals.
(194~2)~ using umbilical hyaluronate or synovial fluid as substrate.
EXPERIMENTAL

Hydrolysis of starch Broth
CzClEures. The results of iodine tests on. overnight cultures (Neopeptone autoclaved broth) containing 0.5 yo starch showed no correlation with results previously obtained with the same strains using starch plates. The pH value of overnight cultures in starch broth was found to be 5*0--6*0, the hyaluronidase production of positive strains was decreased sometimes ten-fold, and some proteinme-negative strains became positive. Supernatants of broth cultures without starch were then tested in two-fold serial dilutions against 0.2% starch as substrate. The incidence of strains which split starch in these conditions is seen in Table 1 . All strains positive on plates had some degree of activity in solution, but the plate test gave no indication of relative activity.
Culture supemtunk
The substrate containing 0.2 yo starch was selected after testing six strongly positive strains in a wide range of dilutions with varying concentrations of Analar starch. After 18 hr. a t 3 7 O it was found that aIl strains in dilutions 1/2 to l/lOO hydrolysed starch (+ + + + reading) in concentrations below 0.25 yo, but 0.3 yo and higher concentrations were not completely hydrolysed by the lowest dilutions. The different starch concentrations were obtained by diluting strong solutions (weighed out with 0.5 g. differences) so that every concentration was duplicated once, and the middle and lower concentrations triplicated. The end-point was clear-cut and easy to read. Table 1 
. DegrQdatim of starch by representative strains of endemic Group A streptococci
T=nonspecific representatives, T antigens identifled by slide agglutination (growth at 87' and 28"). Classification of serological types is based on that of Lancefield 83; Dole (1946) . 
M=type
26 13 8 5 82 -* The antigenic analysis of these strains is shown in Table 11 .
The appearance of coarse floccules in homogeneous solutions was the first naked-eye indication of change when the iodine test was still positive ('starch blue'). With larger volumes of enzyme + substrate mixtures, solutions showing even slight flocculation could be filtered rapidly, although the homogeneous solutions did not pass a No. 50 Whatman filter paper. This loss of viscosity was the first change detected in mixtures, and many strains which did not show any other activity were able to depolymerize starch solutions. Strains showed diversity both in rate and degree of attack, two types of activity analogous to those of a-and b-amylase being distinguished. This was investigated with cell-free filtrates. Table 2 demonstrates the production of an extracellular carbohydrase b y ' a Type 4 streptococcus. The activity of this filtrate was dextrinogenic, like that of a-amylase, and was increased by partial concentration of protein in the fraction. Some activity was lost after precipitation with acetone, which appeared to affect a-amylase activity, but had no effect on fl-amylase activity or the ability to decrease the viscosity of 0-2 % starch solution by qualitative test.
Activity of cell-free filtrates
The filtrate was also hyalmnidase-positive but proteinase-negative, 
Nuala Crowley
I A \ flocculea firnulea - - - - - +++ ++++ ++++ ++++ ++++ (45 min.) Weak M o n Redissolved - f f -t + (discarded)
acetone precipitates
Relative actiVaty of comparable filtrates. Crude filtrates derived from four strains grown in soft agar are compared in Table 3 . In soft agar cultures some strains previously negative became proteinase positive irrespective of the brand of peptone in the medium. Of the four filtrates in contain a greater proportion of amylopectin, were separated into two fractions, a homogeneous supernatant giving a true amylose blue iodine reaction, and a flocculant deposit giving a blue-brown colour. Filtrates previously classed as p-amylase-positive failed to attack the amylase fraction, but destroyed the flocculant fraction, and a-amylase-positive filtrates attacked both fractions. All filtrates degraded glycogen, but streptococcal Group A polysaccharide was not attacked by homologous or heterologous filtrates.
Factors i n f i d n g the activity of cell-free filtrates. The optimal conditions for activity were studied using several Type 4 filtrates in comparison with other types. Using comparable a-amylase-positive filtrates Type 4 strains showed almost identical behaviour; therefore only one strain is usually shown in the tables.
The effect of temperatures of 3 7 ' and 50" is shown in Table 4 , with two concentrations of the substrate, and the effect of the hydrogen-ion concentration at five pH values in Table 5 
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The eflect of st& concentration. The effect of NaCl concentration was tested only on undialysed crude culture filtrates. NaCl concentrations greater than 1% (w/v) decreased the rate of hydrolysis in distilled water and in buffer 
Hydrolysis was most rapid in distilled water when the NaCl concentrations were less than 0.1 %, but in buffer the greatest activity was found in two ranges of NaCl concentration, namely O*S-O*S% and 0-1-0*05%.
These results suggested that a high sodium-ion concentration was inhibitory, but no conclusions have been h w n about the effect of chloride-ion eoncentratian ( Table 6 ). The eflect of mpe inhibitors. McClean (19412) reported inhibition of hyaluronidase by heparin, and monoiodoacetic acid inactivates proteinase (Elliott, 1945) . Sodium thiolacetalz and NaCl were included as controls in the experiment shown in Table 7 . Iodine test for degree of starch hydrolysis as in previow tables. 
NaCl(%)
Factors inJEUertcirtg production of streptococcal amylase
For convenience the extracellular carbohydrase activity which has been demonstrated is now referred to in terms of the substrate, but there is no evidence of absolute substrate specificity.
Culszlral c d i t i m .
Strains were grown for carbohydrase production in Neopeptone autoclaved broth with phosphate buffer, pH 74-7.6 (Rogers, 1944) , and in proteose peptone autoclaved broth (bicarbonate buffer, pH7-8) for proteinase production, but to study the effect of proteinase it was desirable to produce all the enzymes in the same medium. Bicarbonate buffer did not maintain a pH above 7.0 for so long a period as sodium p-glycerophosphate, therefore the first modification was a change of buffer while retaining proteose . peptone. In an attempt to increase growth, on the assumption that this would also increase enzyme production, the broth was sterilized by filtration. In spite of profuse growth, the production of all the enzymes was diminished. The influence of cultural conditions on production was then investigated with reference to peptones and method of sterilization. The results obtained with four modifications of the same basal broth are shown in Table 8 . The number of viable organisms was greatest in proteose peptone broths. Proteinase was not found in any culture. Hyaluronidase (strain H718) was found in Neopeptone autoclaved broth in high titre, in proteose peptone autoclaved broth in lower titre, but was much decreased in both filtered broths. (1993) found that incubation at 22' 'unmasked' T antigens of Group A streptococci which could not be detected at 87O, and that proteinase production was also suppressed at 2 2 ' (Elliott, 1945) . In the previous experiment it was found that the same cultural conditions affected all three enzymes; the experiment was repeated incubating cultures at 23O. Rapidly growing cultures (37O) were inoculated into 100 ml. of broth in bottles which were incubated at 2 3 ' for 5-7 days. Samples were removed daily and kept frozen at -1 0 ' until the sets were complete; all tests were then made together using the same batches of substrate. (The same procedure was Nuala Crowley followed in the 87O series.) The results are shown in Table 9 . After 1-5 days' incubation the number of viable organisms was greater in 2 8 O cultures. The depression of a-amylase activity was more striking in Neopeptone filtered broth and both proteose peptone broths. These results could not be explained on grounds of poorer growth at a lower temperature. Hyaluronidase production was influenced in masked degree by the cultural conditions which d e c t e d a-amylase.
T b eflect of i d a t i o n at 23O. Elliott
The effect of r e -i d & * o n at 87' of cultures grmn at 28". After 8 days at 28O cultures were re-incubated at 87" with the cells still present, and amylase production increased; but when the broths were filtered befote re-incubation at $7' no change was found. If the broth cultures were not sterilized by one filtration, when scanty growth appeared after 2 or 8 days, amylase production was slightly increased suggesting that viable organisms must be present to initiate enzyme production at 87". Filtrates known to be unsterile were divided into 10 ml. volumes, and 1 mm. loopfuls of various growth factors, enzyme inhibitors and possible activators added before re-incubation at 8 7 ' . The substances added can be divided into three groups: (1) grwth f&s, added on the assumption that a heat labile inhibitory factor was destroyed by autoclaving; these were aneurin, nicotinamide, nicotinic acid, riboflavin, yeast nucleic acid, liver extract ('Anahaemin ', British Drug Houses Ltd.), and casein hydrolysate (' Casydrol ', Glaxo Laboratories); ( 2 ) enqjmes already known to activate st~qtococcal pro-&inme, namely 1 % papain at pH 7-0 and 1 % commercial trypsin at pH 8.0; ( 8 ) szlbsta;ltces or mz$ronmt?ntul alteratiom included 012 general grow&, namely starch powder and solution, potassium hyaluronate, and an atmosphere of 10 yo carbon dioxide and adjustment to pH 8.0. All substances of group (1) stimulated heavy growth overnight but without corresponding enhancement of enzyme production. ' Casydrol ' suppressed amylolytic activity both in active control cultures and in hydrolysis tests. Papain, trypsin, CO, in gas phase and a pH value of 8.0 appeared to cause a slight increase in activity whether or not growth was increased, but the increase was within the limits of experimental error. These results suggest the possible existence of an inactive precursor of streptococcal amylase analogous to the precursor of streptococcal proteinase (Elliott & Dole, 1947) ; this possibility has not yet been fully investigated.
The eflect of mouse passage. With the primary object of recovering M antigen in order to determine the specific types of amylase-producing strains of the T antigen p u p s 4, 24, 26, 28, 29 and 46, four strains were chosen for mouse passage. Two proteimse-positive polysaccharidase-variable strains, and two polysacchaxidase-positive proteinase-variable strains (all agglutinated by Type 4 serum) were selected at random from the collection of old cultures. The strains were mouse avirulent and M antigen could not be denlonstrated by precipitin tests. The effect of serial mouse passage on enzyme production is shown in Table 10 . Capsules could not be demonstrated in any strain immediately after the last passage.
The itJEuerrce of proteiraase on polgsaccharidase activity in the same wltures Factors affecting proteinase production also affected polysaccharidase production, therefore the effect of proteinase alone has been difficult to assess. In the absence of proteinase, proteose peptone did not promote a-amylase production, but on the other hand proteinase was activated even in the presence of Neopeptone when some strains were grown in soft agar. Nevertheless, there was a quantitative decrease in a-amylase production in cultures containing both proteose peptone and active proteinase; Unfortunately, the proteinase inhibitor monoiodoacetic acid had an uncertain effect on amylase activity, and a convincing controlled experiment was not made. Evidence of inhibition by active proteinase in growing cultures is circumstantial; all that can be reported at present is that Type 4 strains, which were strongly proteinase-positive without recourse to artificial activation, were always found to be a-amylasenegative .and hyaluronidase-negative or weak-variable. The circumstantial evidence is presented in Table 11 .
DISCUSSION
Using methods different from those of Keogh & Simmons (1940) it was found that though many strains attacked starch in broth cultures, extracellular amylolytic activity was confined, with two exceptions, to certain strains of one T antigen group. Moreover, the production of a-amylase by Type 4 strains was associated, before mouse passage, with hyaluronidase production in the same culture. Until recently Type 4 strains having M antigen and polysaccharidase activity at the same time had not been encountered, but fifteen Type 4 (M) strains isolated from an outbreak of streptococcal infection have now been found which possess polysaccharidase activity but show considerable strain variation both in hyaluronidase and amylase production. Familial epidemic capsulated strains (various types), which were hyaluronidasenegative, were previously found to be identical (Crowley, 1944) . The present paper reports the results from the first opportunity of investigating the possibility that polysaccharidase activity increases with antigenic degradation of the strain. Though Type 4 strains have shown a greater range of polysaccharidase activity as compared with Types 24, 28 and 29 of the same group, this also depended on other biological components present in test cultures. "he effect of peptones on growth of streptococci has been studied by Dole (1946), on streptococcal proteinase by Elliott (1945) and on streptococcal nucleases by McCarty (1948) . Elliott & Dole (1947) also found that a dialysate broth was unfavourable for proteinase production. The findings with filtered broth as compared with heated broth suggest that a heat-labile factor delays autocatalytic processes. Growth at 2 3 ' , which is favourable for cell antigens, was also unfavourable for carbohydrase production, and the metabolism may be similar to that in filtered broth. Considering the mouse merely as a culture medium, the results of passage show a more marked though similar effect. Failure of enzyme production in the presence of new growth initiated by yeast nucleic acid and other growth factors may also be interpreted in this way. The combined results support the hypothesis that environmental conditions favouring the synthesis of cell antigens are unfavourable for the production of these enzymes.
The similarity between mucolytic and amylolytic activity was noted by Robertson, Ropes & Bauer (1940). McClean & Hale (1941) found no correlation between the hyaluronidase activity of Clostridium septicum and Cl. welchii and their ability to decrease the viscosity of starch pastes, but they noted that NaCl decreased both the amylolytic activity of CZ. septicurn and the activity of bacterial hyaluronidases. Many streptococcal filtrates decreased the viscosity of starch solutions but failed to show further amylolytic activity. It is now 168 Nuala Crowley known that many Group A streptococci can alter the viscosity of three substances, hyaluronic acid, starch, and desoxyribonucleic acid as reported by McCarty (1948). In view of the opinion held by Baldwin (1948) that nucleases are pyrophosphatases it is interesting to note that Robertson, Ropes & Bauer (1940) postulated that a phosphatase catalysed the first stage in viscosity change of gastric mucin. It seems possible that depolymerization of viscous substances by Group A streptococci may be a function of one enzyme of low specificity, comparable with the relative substrate specificity shown by some phosphatases. The close similarity of the methods of attack on two large molecules by the same culture filtrate also suggests that a further stage in the degradation of starch and hyaluronate may be catalysed by one relatively specific polysaccharidase. It became apparent in the course of this study that the polysaccharidases of Type 4 and Type 22 strains decomposed the substrate differently, each type having its own specific reaction-path, perhaps determined by the antigenic structure of the strain. The use of a second polysaccharide substrate as a screening test may reveal further strain differences, and other macromolecules might be used instead of starch for amylase-negative strains. Starch has advantages as a substrate for use in multiple tests since cheap and reasonably standardized preparations are readily available.
It may be mentioned here that the primary object of this paper was not to add yet another extracellular enzyme to the battery already displayed by Group A streptococci, but to find a reason for the association of the much clot-preventing enzymes with certain antigenic components. Any attempt to interpret the biological significance of streptococcal hyaluronidase without reference to all the cellular components may be as delusive as the interpretation of the significance of hyaluronic acid, which, as Meyer (1947) pointed out, is a large molecule not well understood. It also seems possible that the concept of absolute substrate specificity may have hypnotized some investigators of Group A streptococcal enzymes. Polysaccharidase activity in vitro, whether confined to strains with related antigens in the circumstances described here, or demonstrated elsewhere by unrelated strains in different test conditions, is on the whole exceptional. As the optimal conditions for in vitro production seem unlikely to pertain in vivo, it may be reasonable to regard such strains as deviating from the usual rule. The explanation for this may possibly be found in the specific growth requirements and adaptability of the strains. If further evidence of an inactive precursor is forthcoming, the in vivo mechanism of hyaluronidase production might be explained. The biological significance of streptococcal hyaluronidase may have to be interpreted in relation to all the cellular components, and though the exceptional strains may yet prove the rule, it is still uncertain what that rule may be. 
